Abstract. 2014 We show the evolutions with temperature of the first moments of the 03BDs bands (O-H... O or O-D... O) of adipic acid crystals and we establish theoretical relations giving the values of these first moments with the general assumption that the 03BDs vibration of a single H-bond is strongly coupled to the 03BD03C3 vibration (O-H ... O) of the same bond and is also coupled to binary combinations or overtones of other vibrations. Both these couplings are anharmonic. We also assume that the transition moment at the origin of the 03BDs band shows non negligible electrical anharmonicity coupling 03BDs with 03BD03C3 and we give arguments for our neglecting, in a first approximation, harmonic resonance terms between two neighbouring 03BDs vibrations which do not give important temperature effects. From the comparison of experimental and theoretical values of these moments we determine the magnitudes of all these couplings. The 03BDs-03BD03C3 coupling is shown to decrease with temperature, which corresponds to an increase of the average O ... O distance of about 0.03 Å between 10 K and 300 K, which we attribute to a coupling of 03BD03C3 with lower frequency vibrations of the H-bonds. The total energy of anharmonic resonance interactions (80 cm-1 for H-adipic acid and 50 cm-1 for D-adipic acid) is shown to be that which we can calculate if we suppose that these interactions originate from the variation of the moment of inertia of the H atom with respect to the O atom when the O-H length vibrates. This strongly suggests that this simple geometrical mechanism might be at the origin of Fermi resonances, thus defining a simple procedure for their calculation. Finally the magnitude of electrical anharmonicity is also measured and shown to be important. [4, 5, 6, 7] and the energies involved have been estimated in the simple case of cyclic H-bonded dimers of carboxylic acids in the vapour phase [8, 9] , and in the case of simple H-bonded systems in liquids [10, 11, 12] , gases [13] Nevertheless it is now widely accepted that these two anharmonic couplings have an influence on the shape of vs [18, 19, 20] . Recent measurements of the integrated transition probabilities P of vs bands have also revealed unexpected isotope effects [21, 22] which seem to be due to the presence of a special kind of electrical anharmonicity [23] . [24] . The différence between these two articles is that in this previous case we had discarded anharmonic resonance interactions (Fermi resonances) which we shall introduce in this paper. We shall however discard harmonic resonance interactions between two neighbouring vs modes, justifying this on the basis of previous work.
The experimental results which we shall describe are those concerning adipic acid crystals which have proved to be good models of well defined and rather simple H-bonds. In these crystals polarized IR spectroscopy has already given interesting information on vs modes [25] . The H-bonded dimeric cycles . -(COOH)2 of these crystals are the same as those found in the dimers of carboxylic acid vapours which we have already studied [8, 9] . The where Me is the component along the electric field of the electrical dipole moment of the whole set of H-bonds, and X is the Hamiltonian for these H-bonds.
As the H-bonded cycles are well separated we shall consider a single cycle only. In this article we shall even make a more severe restriction and shall consider a single H-bond whose dipole moment will be Me and Hamiltonian Je. In those cycles the resonant interaction between two neighbour Vs vibrations can be appreciable and has been found to be of the order of 100 cm-1 in the case of carboxylic acids in the gaseous phase [4, 8, 9] , and in the case of oxalic acid crystals [16] . The manifestation of this interaction 1 is found in its contribution to the absolute value of (o. However since this interaction is quadratic (or harmonic) in the coordinates of two neighbouring vs vibrations it does not give any special isotope effect.
Also the temperature shift of ro with T due to this interaction is expected to be negligible. We have checked that its influence on a is negligible, using preceding theories which took this interaction fully into account [4, 24] . It is clear from eq. (1) (6) and (8) is independent of the proton mass. This shows that having a ratio for PHI PD equal to 2 implies that MH(Q) &#x3E; is greater thane MD(Q) &#x3E; which can only occur if the mean value ( Q &#x3E; is not the same in a H-bond and in a D-bond.
In eqs. (13) and (14) the expressions for ro and a are somewhat more complicated but they can nevertheless be easily analysed. (J) is the sum of two contributions which originate from the Q dependence of both (J) + (which is the difference of energies of the two lowest levels of vs) and M (which is the transition dipole moment). A remarkable property of Zi is that it is independent of anharmonic resonance interactions even in the presence of electrical anharmonicity. A similar conclusion has been reached previously [36] for the case where electrical anharmonicity is negligible (that is when M(Q ) hardly depends on Q), which leads to the simple result that W = co'(Q) &#x3E;. Even when we cannot neglect this electrical anharmonicity we can still obtain simple expressions for C-0 if both (J) + (Q) and M(Q ) show linear variations with Q, which is often quite a good approximation. In this case we can then write :
which gives :
where The quantity s2 which is the square of the variance or quadratic fluctuation of Q, will be an important quantity in the following discussion. Eq. (17) shows that in the presence of electrical anharmonicity S not only depends on Q &#x3E; but also depends on S2 which is a function of temperature and will consequently introduce a T dependence of 0153.
Eq. (13) The average value of the quantity w(Q ) -Ct)(0) will be of the same order of magnitude as the shift of ro with T that is, less than 50 cm-1 which gives a small contribution when divided by co(0) which is of the order of 2 500 cm-1). This means that Op will be hardly temperature dependent. This is not true for Us-a which appears as a quadratic sum of three terms. The first one, which will be shown to be predominant represents the contribution of the Q dependence of w+. When electrical anharmonicity can be neglected (M(Q ) almost independent of Q ) this term is equal to (ro+(Q) -w+(Q) »)2) which is equal to (dw+/dQ)2 S2 if we admit that w+(Q) shows a linear variation with Q. This is the expression which we have already used in the qualitative discussion of the preceding section. The third term in u;-a is the contribution to the width of Vs of the pure electrical anharmonicity and will be shown later to vary as s2.
The second term in U2 , is a cross term between these two anharmonicities and is equal to zero if either co + or M do not depend on Q. S2 being temperature dependent, Us-a will also be temperature dependent.
From this rapid analysis of eqs. (13) and (14) we may conclude that it will be relatively easy to [26] . In that case Q &#x3E; will be temperature dependent whereas dco'IdQ will not. We have however seen in the preceding section that we shall have difficulties with such an assumption to explain the weak variation of the variance u of vs with temperature. We shall consequently discard this possibility and consider that b + is proportional to b.
Using the quantities defined in eq. (19), we have :
so that eqs. (13) and (14) can be re-written as :
With
These equations are similar to those established in previous work [24] Using eq. (19) for the definition of b+ we arrive at the relation :
In order to obtain the correct experimental value for the ratio OJHfWo we find that the anharmonicity parameter l5H of eq. (24) (hQ 160 cm-1 [29] figure 5 together with experimental points. It can be seen from this figure that the expérimental points are correctly reproduced, despite their non trivial evolution with temperature which we have discussed in a preceding section. The inflexion point of the predicted variations of a with T is due to the variation of the quantity at these temperatures. However the precision of the fit is not sufficient to decide whether this inflexion These values are almost the same as those which we had theoretically predicted [35] [36] .
The variations of electrical anharmonicity shown in figure 4 [11, 12, 30, 37] . We had outlined in a previous publication a similar analysis for the case of acetic acid crystals [34, 36] [35] . We think it worthwhile to look at this point in more details, and we think that a systematic study of the vibrations of the H-bonds in the far-IR region might well bring us further information on these H-bonds. The third point is related to the special kind of electrical anharmonicity which we have considered here and we think that our results firmly establish the existence of such a mechanism.
In a subsequent paper [31] we shall describe the results obtained on crystals of imidazole where the interaction of neighbour v. modes has been measured with precision, which was impossible in the case of adipic acids. These considerations may show the interest of performing such systematic quantitative studies on the v. bands of H-bonds.
